The ability of Trypanosoma cruzi to induce erythrocyte membrane destabilization in vitro was studied. Epimastigote forms adhered to human erythrocytes and caused fusion or lysis of the red cells, depending on the conditions of the interaction. Red cells were fused in the presence of calcium, while haemolysis was induced in the absence of the cation. Dextran 60 C facilitated fusion but delayed lysis. Optimum pH and temperature for fusion were 74 and 37 °C, respectively. Lipid alterations were produced in the plasma membrane of the red cell during the interaction with the parasite. A Ca 2+ -independent increase of lysophospholipids and free fatty acids was common to both the lysis and fusion processes. A relative increase of 1,2-diacylglycerides was unique to the fusion process and these changes were dependent on Ca
INTRODUCTION
Membrane fusion is a biological phenomenon that occurs in numerous cellular processes, i.e. exocytosis and endocytosis, cell division, phagolysosome formation, polykarion production in the biogenesis of skeletal muscle, etc. (Lucy & Ahkong, 1986; White, 1992) . In addition, cell fusion can be promoted in vitro by (a) enveloped viruses mainly of the paramixovirus group, (b) a great variety of lipid and watersoluble molecules and (c) an electric field (Ahkong et al. 1973; Zimmermann, 1982; Lucy & Ahkong, 1986) . Calderon et al. (1986 Calderon et al. ( , 1989 have reported that the protozoan Trypanosoma cruzi, the causative agent of Chagas' disease, is able to induce fusion of human and chicken erythrocytes in vitro. Furthermore, T. cruzi secretes an acid-active haemolysin (Andrews & Whitlow, 1989; Andrews, 1990 ) and a glycoprotein which increases the permeability of the host cell membranes .
Studies of these processes induced by T. cruzi may augment our understanding of the general mecha- nism of membrane destabilization and cell fusion. Moreover, it may be relevant to parasite-host cell membrane interaction (Kipnis, Calich & Dias da Silva, 1979; Herrmann et al. 1991; Schenkman, Robbins & Nussenzweig, 1991; Schenkman & Mortara, 1992) .
Although red blood cells in infected animals are not invaded by T. cruzi, those cells have been used in the present work because of their well-known membrane composition and structure and because they are widely used in investigations of biomembrane stability (Ponder, 1971; Ahkong et al. 1973; Papahadjopoulos, Poste & Vail, 1979; Dimitrov & Jain, 1984; Andrews & Whitlow, 1989) .
In this paper we describe the influence of various experimental conditions on the destabilization of erythrocyte membrane by epimastigotes of T. cruzi as well as a comparative analysis utilizing different clones and developmental forms of T. cruzi, Crithidia fasciculata and Leishmania spp. Moreover, because lipids may play a role in the phenomenon, we examined changes in the lipid composition of human erythrocyte plasma membrane after the interaction with T. cruzi, in the presence or absence of exogenous calcium. Our observations suggest that parasite-mediated erythrocyte membrane destabilization may be caused by transfer of parasite-free fatty acids and lysophospholipids to erythrocyte membrane independently of Ca 2+ , but this ion is an essential factor for the membrane alterations that lead to erythrocyte fusion.
MATERIALS AND METHODS

Materials
All reagents were analytical grade. Na-p-tosyl-Llysinechloromethylketone (TLCK), phenyl-methylsulphonyl fluoride (PMSF), leupeptin, Dextran 60 C (60-90 kDa, clinical grade) and bovine serum albumin (fatty acid free) were obtained from Sigma Chemical Co. (St Louis, MO, USA). Pre-coated silica gel Si 60 HPTLC-plastic sheets, layer thickness 0-2 mm, were obtained from Merck (Darmstadt, Germany). Gangliosides were from Laboratories Beta (Buenos Aires, Argentina). Radioactive materials were purchased from Amersham Corporation (Arlington Heights, IL, USA).
Erythrocytes and parasites
Freshly drawn human blood was mixed 4:1 (v/v) with 3-8 % sodium citrate. Erythrocytes were prepared as described by Lang et al. (1984) and resuspended in a basal salt solution (BSS), containing 116 mM NaCl, 5-36 mM KC1, 1 mg/ml glucose, 120 units/ml penicillin G, 100/4g/ml streptomycin sulphate, buffered with 10 mM sodium cacodylate at pH 7*4.
T. cruzi (Tulahuen strain, stock 0), was grown in a liquid medium at 26 + 2 °C (Boveris et al. 1978) . Parasites (approximately 98 % of epimastigote forms) harvested from declination phase of growth (Calderon et al. 1986) were washed 3 times by centrifugation in 154 mM NaCl and finally resuspended in BSS at a concentration of 2-4xlO 8 organisms/ml and stored at 4 °C until use, within 1 week. In some experiments, parasites were disrupted by homogenizing in an Omni-Mixer (6000 rpm for 7 min at 4 °C) and the suspension was centrifuged at 1000^ for 15 min. The pellet and supernatant fraction were used in experiments of cell fusion.
Trypomastigote forms of T. cruzi were obtained from blood of infected BALB/c mice according to the method described previously (Budzco & Kierszenbaum, 1974) . Epimastigote forms of various isolates of T. cruzi, promastigote forms of Leishmania spp. and C. fasciculata were provided by Dr E. Montamat, Universidad Nacional de Cordoba.
Parasite-erythrocyte interaction
Fusogenic and lytic ability of T. cruzi was studied with human erythrocytes and culture forms of the parasite. A total of 2-4 xlO 8 cells/ml of each cell type were incubated in BSS containing the desired CaCl 2 and dextran 60 C concentrations; experiments were performed at the indicated temperature over the range of pH 40-90. The BSS was usually buffered with 10 mM sodium cacodylate; when other buffers (sodium carbonate, sodium phosphate or Tris-HCl) were substituted, their concentrations were also 10 mM.
In some cases, erythrocytes were mixed with the spent medium of parasite cultures and incubated at 37 °C, in BSS with or without 5 mM Ca
2+
, for various periods of time. The optimal experimental conditions for the fusion of human erythrocytes induced by epimastigote forms of Tul 0 strain of T. cruzi were used in the comparative studies between different forms and isolates.
Fusion index
Samples incubated for 180 min were shaken, diluted and then fixed with Karnovsky's mixture (Karnovsky, 1965) . Fused and unfused cells were counted by phase-contrast microscopy as described previously (Calderon et al. 1989) . At least 500 cells were counted in 3 different areas of the same sample. The Fusion Index (F.I.) indicates the percentage of fused erythrocytes (number of erythrocytes participating in fusion x 100/total number of erythrocytes).
Determination of haemolysis
Samples incubated for 180 min were centrifuged at 4000 ^for 5 min, the haemoglobin in the supernatant fraction was measured at 545 nm and the results expressed as a percentage of the total haemoglobin liberated by the same amount of erythrocytes lysed by 1 % sodium dodecylsulphate. Controls were preparations with erythrocytes incubated without parasites. The control value, corresponding to spontaneous haemolysis, was subtracted from that of the sample with parasites.
Lipid analysis
Erythrocyte ghosts for analysis of membrane lipids were prepared by the method reported by Lang et al. (1984) , except that the haemolysis solution contained 0-1 mM EDTA. After interaction, parasites were isolated by centrifugation at 1080 g for 5 min. Under these conditions the parasites are present in the sediment, while the erythrocytes' ghosts remain in the supernatant fraction. Lipid extraction and washing of the ghosts were performed by the method reported by Folch, Lees & Sloane-Stanley (1957) . Lipid phosphorus was determined according to Bartlett (1959) and sterols by the technique of Searsey, Bergquist & Jung (1960) . Different classes of phospholipids and neutral lipids were separated by one-dimensional high-performance thin layer chromatography (HPTLC) on pre-coated silica gel plates. Phospholipids were fractionated using chloroform: methanol: glacial acetic acid: water (60:20:12:5) as development system (Skipski & Barclay, 1969) . Neutral lipids were chromatographed in one-dimension using two solvent systems: diethyl ether: benzene: ethanol: acetic acid (40:50:2:0-2) as solvent system 1 and diethyl ether :hexane (6:94) as solvent system 2, according to the method described by Freeman & West (1966) . Plates were scanned using the method of Macala, Yu & Ando (1983) , in a Beckman DU-70 Spectrophotometer equipped with a gel-scanning densitometer. In all experiments, standards and markers were run in parallel. Values for lipid composition of the membranes were expressed as percentage of the total of neutral lipids or phospholipids. Controls were erythrocytes incubated in the same conditions without parasites.
Lipid vesicles preparation
Lipid vesicles were prepared as following: L-3-phosphatidylcholine 1,2-dipalmitoyl (DPPC) con-
14 C]palmitoyl (222 GBq/mmol) were dried from chloroform/methanol, 2:1, under a stream of nitrogen, and vesicles were prepared by sonication of 2 mg of lipid suspension/ml of BSS, pH 7-4, in a bath sonicator, for 15 min. The vesicle preparation was sedimented at lOOOj^ and the supernatant fraction used immediately.
Incubation of lipid vesicles with parasites and analysis of radioactive lipid transfer
After 14 days of growth, epimastigote forms of T. cruzi were harvested by centrifugation, washed twice with BSS, pH 7-4, and resuspended in the same buffer. An aliquot was used for cell counting and 1 ml (approximately 2-4 x 10 8 organisms) was cooled to 2 °C for 5 min, incubated with 100 fi\ of vesicle preparation for 15 min at 2 °C, essentially as described for fluorescent lipids by Struck & Pagano (1980) , and washed twice with BSS. Under these conditions, only the plasma membrane of the parasite was isotope-labelled. The labelled parasites were then incubated for 1 and 10 min with human erythrocytes as described above. T h e ghosts were separated from the parasites and both cells were filtered through a 0'45 /tm nitrocellulose membrane (Millipore Corp., Bedford, MA, USA). T h e cells trapped on the membrane were washed twice with BSS, dried and immersed in 10 ml of Bio-Safe II scintillation cocktail (Research Products International Corp., Mount Prospect, IL, USA). Radioactivity was measured using a Beckman L S 9000 Liquid Scintillation System (Beckman Instruments, Inc., Irvine, CA, USA). Radioactivity present in erythrocytes and parasites after the interaction was expressed as a percentage of the total radioactivity present in the parasite before the interaction.
Effect of PLA 2 , BSA and PLA 2 inhibitors
Isolated parasites and/or erythrocytes were preincubated with 10 u.i./ml of PLA 2 from bee venom, for 45 min at 37 °C (Haest, Plasa & Deuticke, 1981) , in BSS containing CaCl 2 (2 mM). Subsequently, to stop the enzymic activity, cells were washed with BSS without calcium and containing EDTA (5 mM), washed twice with BSS and resuspended at the appropriate concentration in the same solution containing dextran 60 C (80 mg/ml). In some experiments, parasites and/or erythrocytes, pre-treated or not with PLA 2) were incubated at 37 °C for 20 min in BSS containing bovine serum albumin (fatty acid free) (10 mg/ml). Under these conditions free fatty acids and lysophosphatidylcholine are extracted without lysis (Rollofsen & Zwahl, 1976; Haest et al. 1981) .
In other cases, both cells were pre-treated with PLA 2 activity inhibitors: quinacrine 0-02 mM (Connelly & Kierszenbaum, 1984; Hazlett, Deems & Dennis, 1989) or total brain gangliosides 0'5 mM (Bianco, Fidelio & Maggio, 1989 , 1990 Correa et al. 1991) . In other experiments, phospholipase A 2 inhibitors were added to the incubation medium during parasite-erythrocyte interaction at the same concentration utilized in the pre-treatments.
RESULTS
Morphological changes on human erythrocytes during interaction with T. cruzi
Epimastigote forms of T. cruzi were able to induce erythrocyte membrane destabilization in vitro. (Fig.  1) . After adherence of epimastigotes to red cells, the first change detected by light microscopy was an increase in phase contrast of erythrocytes. Red cells lost their original shape, rapidly becoming crenated and followed by loss of crenations. Finally, the fused cells lysed and no intact erythrocytes were seen. The parasite body was observed adhering to the surface of erythrocytes (Fig. 1B,C) or the multicellular bodies formed (Fig. 1D,E) and their movements were accompanied by the red cells. However, shaking and dilution promoted detachment of interacting cells (Fig. IF) . Although this suggests that T. cruzi fusogenic and lytic factor(s) may be released into the medium, incubation of the supernatant medium of epimastigotes of T. cruzi with red cells failed to induce lysis or fusion of human erythrocytes (results not shown).
In order to determine whether parasite lysis or rupture during incubation allows release of lyticfusogenic factor(s) into the medium, the 1000p ellet and supernatant fraction of parasites disrupted by homogenization were assayed. In the presence of Ca 2+ , the pellet showed marked fusogenic ability (Fig. 1H) whereas, in the absence of the cation, it showed only lytic capacity (Fig. 11) . The supernatant fraction did not induce erythrocyte fusion or lysis, neither in the presence nor in the absence of calcium. 
Effect of Ca
2+
, Mg 2+ and EDTA Erythrocyte fusion induced by T. cruzi was dependent on calcium in the incubation medium. However, Ca 2+ concentrations higher than 5 mM neither accelerated nor increased fusion. In the absence of Ca 2+ or in the presence of EDTA or EGTA, fusogenicity was abolished and haemolysis accelerated (Table 1) but the parasite's capacity to attach to red cells was unchanged. EDTA or EGTA (5 mM) did not inhibit fusion when added after the erythrocytes and parasites had been incubated for 90 min in the presence of 2 mM calcium. On the other hand, when red cells and parasites were incubated for 90 min in the absence of exogenous Ca 2+ , the subsequent addition of the cation rapidly increased the production of aggregates and promoted erythrocyte fusion within 15 min after Ca 2+ addition (results not shown).
Magnesium failed to stimulate erythrocyte fusion. Moreover, it could neither inhibit nor delay haemolysis in the same manner as Ca 2+ (Table 1) . To investigate if these cations act on red cells or on parasites, both types of cells were pre-incubated with calcium or magnesium. Pre-treatment of red cells with calcium or magnesium for 4 h at 37 °C had no effect on their behaviour during the interaction with the parasite; however, calcium pre-incubated parasites exhibited slightly enhanced lytic and fusogenic ability. Pre-incubation with magnesium had no effect (Table 1) .
Effect of experimental conditions
The optimum pH for fusion of human erythrocytes induced by T. cruzi was 7-4 ( Fig. 2A) . When the pH was higher than 8-5 erythrocytes lysed rather than fused. At pH values higher or lower than optimum, parasites exhibited little mobility but their capacity to attach to the surface of erythrocytes was the same. During experiments, pH was unaltered despite parasite metabolic activity. Fusion Index or haemolysis observed with sodium cacodylate were unchanged when this buffer was replaced by acetate, phosphate or Tris-HCl. Spontaneous fusion of erythrocytes incubated without parasites was not observed in any of the experimental conditions utilized. Effects of temperatures ranging from 8 to 50 °C were studied. Fig. 2B shows that 37 °C was the optimum temperature for the fusion process. Nevertheless, fusion was observed in a wide range of temperatures. At temperatures below the optimum (17-28 °C), fusion and lysis was diminished. At temperatures higher than 45 °C no fusion was observed, the parasites were immobilized and the red cells quickly lysed. Incubation for 90 min at 28 °C did not produce apparent morphological changes in erythrocytes, while at 37 °C red cells became rounded and refringent. In incubations conducted at 28 °C or less for 90 min, and then transferred at 37 °C, fusion was evident within a few minutes after transfer (results not shown).
Extensive lysis rather than fusion followed when red cells were incubated for 120 min in a medium without dextran 60 C (Fig. 2C ). Marked cell fusion was observed in the presence of 40-80 mg/ml dextran, whereas with 100-120 mg/ml dextran, cells formed very large aggregates, multicellular bodies could not be noticed, and the haemolysis was diminished. In all cases, in the absence of parasites dextran 60 C did not promote agglutination and fusion of erythrocytes.
Lipid alterations of erythrocytes during the interaction with T. cruzi
The ghost lipid moiety of human erythrocyte incubated for different periods with T. cruzi, with or without Ca 2+ , was analysed. Alterations in lipid composition can be divided into two types: (a) early alterations: appear at 15 and 30 min of incubation and (b) late alterations: starting after 90 min of interaction (Tables 2 and 3 ). The most significant alterations among the first type are the relative increase of lysophospholipids (Table 3) and free fatty acids (Table 2) , which are Ca 2+ -independent phenomena. Alterations of the second type (which are seen in stages prior to or coincident with fusion or lytic processes) are dependent on the presence of Ca 2+ . The most significant change in the neutral lipid fraction is the relative increase of diacylglycerides which is only observed when Ca 2+ is present during interaction (Table 2) .
Lipid transfer
To determine whether the increases of lysophospholipids (LPL) and free fatty acids (FFA) in the erythrocyte membrane are produced by transfer from the parasite, radioactive L-3-phosphatidylcholine 1,2 dipalmitoyl were added to the plasma membrane of the parasites. Then, erythrocytes and C]palmitoyl, as described in the Materials and Methods section, confronted with human erythrocytes for 1 and 10 min, and the radioactivity measured in both cells. Radioactivity present in erythrocytes and parasites after interaction was expressed as a percentage of the total radioactivity present in the parasite before the interaction (input radioactivity). The results are the mean of 5 independent experiments + standard deviation.
parasites were incubated for 1 and 10 min, and the radioactivity measured as described in the Materials and Methods section. Longer incubation permitted the incorporation of radio-isotope-labelled lipids into internal membranes of the parasite and the transferred radioactivity decrease (results not shown). Fig. 3 shows that a rapid increase in the erythrocyte-associated radioactivity is detected when the label is in the chain attached to the C 2 of the DPPC and a slight increase when the label is in the chain attached to the C x or in the polar head of the phospholipid. Table 4 shows the results of the erythrocyte lysis or fusion induced by T. cruzi when the cells were pretreated with phospholipase A 2 (PLA 2 ). Pre-treatment of erythrocytes with PLA 2 did not modify the parasite ability. In contrast, fusogenicity was completely suppressed by pre-treatment of the parasites, while lytic capacity was increased.
Effect of different cell pre-treatments on erythrocyte destabilization induced by T. cruzi
Bovine serum albumin (BSA) at a final concentration greater than 2 mg/ml markedly inhibited both cell fusion and haemolysis. When BSA was added at the onset of incubation, neither lysis nor fusion was seen. If albumin was added after 90 min of incubation, those cells that had begun to fuse proceeded to complete the process during the next several hours. Like albumin, total blood serum (inactivated by incubation at 56 °C for 1 h and used at 50% (v/v) concentration) completely inhibited fusion and lysis when added to the parasiteerythrocyte preparation at the beginning of incubation.
When the parasites (previously treated with PLA 2 ) were treated with bovine serum albumin fatty acid free (to extract the hydrolysis products) the lytic and fusogenic ability of T. cruzi was also annulled. This suggests that FFA or LPL would be the principal molecules involved in the erythrocyte membrane destabilization. In this regard, pretreatment of parasites with fatty acid free albumin suppressed both phenomena (Table 4 ). The analysis of parasite lipids showed that treatment of parasites with BSA was able to extract 68 % of FFA and 43 % of LPL from the membranes (results not shown).
Data in Table 4 show the effects of quinacrine on parasite-erythrocyte interaction. Pre-treatment of parasites notably reduced both phenomena. Pretreatment of erythrocytes did not show effects at the quinacrine concentration utilized. Pre-treatment of T. cruzi with total brain gangliosides diminished and delayed the lysis as much as the fusion. Both phenomena were suppressed in the presence of quinacrine or gangliosides during the parasiteerythrocyte interaction.
Comparative studies using different isolates of T. cruzi, C. fasciculata and Leishmania spp.
Fusogenic and lytic abilities of different isolates of T. cruzi, C. fasciculata and Leishmania were analysed. Table 5 indicates the variable lytic and fusogenic capacity exhibited by the parasites. Promastigote forms of Leishmania also adhered to the erythrocyte surface and induced red cell fusion. C. fasciculata induced neither lysis nor fusion. When erythrocytes were incubated with trypomastigote forms of T. cruzi, red cells quickly lysed and only few multicellular bodies could be seen.
DISCUSSION
To investigate the mechanism underlying the phenomenon of membrane destabilization by T. cruzi, we utilized a model system employing human erythrocytes. Our data indicate that epimastigote forms interact with the erythrocyte plasma membrane to promote either haemolysis or cell fusion, depending on the experimental conditions under which the parasite-erythrocyte interaction is developed.
The fusion process is Ca 2+ dependent. When Ca 2+ is absent, lysis of erythrocytes takes place instead of fusion. Calcium is important, both in membrane fusion in general and in cell fusion in particular. For example, myoblast fusion, fertilization and exocytosis, require calcium ions. Most chemically and virus-induced cell fusions are also Ca 2+ -dependent processes (Burger & Verkleij, 1990; Blow, Botham & Lucy, 1979; Allan & Thomas, 1981; Lucy, 1984; Lucy & Ahkong, 1986; White, 1992) . The requirement for Ca 2+ of the T. cruzi-induced human erythrocyte fusion is specific. Magnesium is unable to produce aggregation and fusion, or to inhibit erythrocyte lysis induced by interaction with T. cruzi.
The morphological alterations observed in these studies were similar to those described in human erythrocytes treated with different lysins (Ponder, 1971; Dimitrov & Jain, 1984) . Parasites bound to the erythrocyte surface and to the multicellular formations are commonly seen, but a vigorous shaking breaks the cell aggregates. Under these conditions, fusion of unattached erythrocytes is observed. These results suggest that parasites release fusogenic or lytic agents to the medium. However, neither the supernatant fraction of parasites incubated in the absence of erythrocytes at different pHs, temperatures, or Ca 2+ concentrations, nor culture supernatant fraction induced haemolysis or cell fusion.
To determine whether lysis of parasite rupture releases, endogenous factors to the incubation medium, parasites were disrupted by homogenization. The supernatant fraction from these preparations had no effect on red cells. In contrast, the pellet had a strong fusogenic ability when Ca 2+ was present and a lytic activity in the absence of the cation. This result indicates that the lyso-fusogenic factor(s) are present in the particulate fraction of the cell. Consistent with these data, Calderon & Fabro (1983) previously reported that a T. cruzi fraction enriched in plasma membrane was able to induce chicken erythrocyte fusion in the presence of calcium.
Certain pH conditions have been found to favour cell fusion processes. In the chemically induced fusion by hydrosoluble agents, optimum pH for erythrocyte fusion is usually 7-4 (Ahkong et al. 1973) . In contrast, all liposoluble fusogens are more effective between pH 5-0 and 6-0. Nevertheless, in this last case erythrocyte pre-treatment with neuraminidase facilitated fusion at neutral pH (Ahkong et al. 1973) . The optimum pH for virus-induced cell fusion is 7-6-80 (Post & Pasternak, 1978) and 7-4 for that induced by chlorpromazine (Lang et al. 1984) . T. cruzi-mductd fusion is more effective at pH 7-4 but it does occur within a wider range of pH. It may be significant that pH influences the entry of Ca 2+ to the erythrocytes during chemically driven fusion (Blowef al. 1979) .
A haemolysin, which is optimally active between pH 5-0 and 6-0, is secreted by amastigote, trypomastigote and, less significantly, by epimastigote forms of T. cruzi (Andrews & Whitlow, 1989; Andrews, 1990; Ley et al. 1990) . Andrews et al. (1990) have also reported membrane pore-forming activity of this protein. Under our experimental conditions the lytic effect occurs within a wide pH range. We have no satisfactory explanation for this discrepancy.
Dextran is known to protect human erythrocytes against colloid osmotic lysis, which occurs when transmembrane channels are formed by insertion of pore-forming proteins (Young & Cohn, 1987) , and significantly decreases lysis accompanying fusion induced by lipid and hydrosoluble agents (Ahkong et al. 1973) . The addition of dextran 60 C in the concentration range 40-80 mg/ml to the incubation medium facilitates fusion. Lower concentrations are unable to prevent erythrocyte lysis.
The inhibitory effect of serum albumin on the changes of membrane systems induced by hydrophobic substances is well documented (Ahkong et al. 1973) . Albumin could trap lipids (Spector, 1975) , thereby preventing them from reaching the membrane. Human erythrocytes maintain their shape and neither fusion nor haemolysis occur when albumin or serum is added to the erythrocyte-parasite interaction medium.
Taken together, these results suggest that the lytic and fusogenic phenomena are caused by the same agent(s) and the pH, temperature, presence or absence of calcium or macromolecules, can facilitate either lysis or fusion.
The lipid alterations observed in erythrocytes during the interaction with epimastigote forms of T. cruzi, in the presence or the absence of calcium, were an increase of both lysophospholipids and free fatty acids. Lucy (1984) suggested that lysophosphatidylcholine might be implicated in a number of instances of membrane fusion in vivo. Although this possibility cannot be totally excluded, the importance of lysophosphatidylcholine in the mechanism of natural membrane fusion has been diminished by several observations (Papahadjopoulos et al. 1979; Burger & Verkleij, 1990) . On the other hand, the incorporation of FFA in the plasma membrane of the cells might be able, per se, to induce membrane destabilization (Creutz, 1981; Stubbs & Smith, 1984) ; moreover, the fact that serum albumin extracted mostly FFA compared to LPL of the membranes (Haest et al. 1981) would indicate the importance of FFA in the phenomena studied.
Although the transfer of LPL from Schistosoma mansoni to adhered erythrocytes produced haemolysis (Golan et al. 1986) , the rapid incorporation of radioactive FFA into red cell membranes during the T. cruzi-erythrocyte interaction indicates that these molecules could be transferred from the parasite surface to the erythrocyte more efficiently than LPL. Our results indicate that the exogenous DPPC is probably cleaved by a PLA 2 on the parasite membrane, and that only fatty acid can be transferred efficiently to the red cell, as suggested by the different patterns of transfer of the distinct PL studied.
The spontaneous transfer of lipid molecules is well known (Stoch & Kleinfeld, 1985) and studies with electron spin resonance of erythrocyte fusion induced by virus, showed that lipid molecules were transferred between membranes (Maeda et al. 1977) . In our case, a close contact during parasiteerythrocyte interaction is likely to enhance lipid transference; nevertheless, we have no evidence whether FFA are transferred directly or bound to carrier proteins.
Diacylglyceride alteration was only seen after 90 min incubation in the presence of calcium. This result agrees with previous data obtained by Allan & Michell (1975) and Allan et al. (1976) . They have reported that diacylglyceride and phosphatidic acid are formed inside the membrane of erythrocytes treated with an ionophore and Ca
2+
. Fusion leading events might be the release of these fusogenic lipids by Ca 2+ activation of an endogenous phospholipase (Allan & Thomas, 1978) , together with protein-free areas formed in the membrane by Ca 2+ -dependent proteases (Lucy, 1984; Lucy & Ahkong, 1986; Calderon et al. 1989) . All these changes are compatible with an increase in the cytoplasmic calcium concentration. When Ca 2+ is absent, membrane perturbation with increased water-permeability would end up with haemoglobin release and ghost formation.
Inhibitors of PLA 2 suppress lysis as well as fusion, while treatment of parasites with exogenous PLA 2 inhibits fusion but increases lysis. This observation could be explained if fusion and lysis are produced by the same factor(s) and the effects would depend mainly on their local concentration in the membranes; a similar result was observed using trypomastigote forms of the parasite. In addition, activation of PLA 2 of T. cruzi by Ca 2+ was suggested in the penetration process into macrophages (Connelly & Kierszenbaum, 1984) .
Recent investigations of Bianco et al. (1990 Bianco et al. ( , 1991 on artificial membranes demonstrated that gangliosides obtained from bovine brain have inhibitory effects on PLA 2 activity and Correa et al. (1991) reported that the anti-inflammatory effect observed with gangliosides in reactions produced with different antigens is mediated by inhibition of PLA 2 . In this way, the inhibitory effect of total brain gangliosides and quinacrine, a well-known PLA 2 inhibitor (Connelly & Kierszenbaum, 1984; Hazlett et al. 1989) , on the destabilizing activity of T. cruzi, in addition to the lipid alterations on the erythrocyte membrane during the interaction with the parasite, supports the hypothesis that PLA 2 is implicated in this process.
We found variable fusogenic and lytic ability of epimastigote forms of different isolates of T. cruzi, promastigote forms of Leishmania spp. and C.fasciculata. This variability does not correlate with the geographic region or the host (insect vector, wild animals or human patients). Trypomastigote forms of T. cruzi strongly induce haemolysis rather than erythrocyte fusion. The dissimilarity may be explained by the quantitative and qualitative difference in the composition of the membranes of these different developmental forms of the parasite (Kaneda, Nagakura & Goutsu, 1986) . The fact that C. fasciculata induce neither lysis nor fusion might suggest that this is a characteristic of invasive parasites. Further studies on the purification and characterization of PLA 2 from different developmental forms of these parasites are currently in progress.
Our results show that T. cruzi and Leishmania are able to destabilize the membrane of erythrocytes in vitro by transfer of lipid material, which may permit the entry of Ca 2+ into the cell and activation of Ca 2+ -dependent enzymes. In addition to our data, the increase of the cytosolic calcium concentration was reported during T. cruzi infection of Hela cells Osuna et al. 1990 ) and endothelial cells (Morris et al. 1988) .
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